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W Motivation: Repair and join
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Motivation: WAAM

Wire-arc additive manufacturing (WAAM)

Arc or electron beam
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A Low running cost and short production cycle
A high deposition rates

A minimum wastage of materials

A Ability to build large parts

A Main disadvantage is
lower precision in as-built parts

Directed Energy Deposition
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ARC 605 : 5-axis machining: Production of metallic
components up to 0.8 m3 with a maximum mass of 500 kg.

Challenges in WAAM of Complex Shape Thick Wall Components

(1) Distortion  (3) Detrimental phase formation  (6) Location specific structure optimization
(2) Cracking (liquation and residual stress) (4) Grain refinement (5) Precipitation strengthening

WAAM process Post-hea*atment

Design Solutions using the Extended ICME Platform at Pitt
(1.2.4.6) ML-enhanced residual stress simulation (3,4,5,6) High-throughput experiments TR |
(1,2) Thermodynamics informed melting (6) Machine learning (ML) of PSP relationships
(2,3,4,5) CALPHAD-based Phase transformation modeling (2,3,6) Grain texture simulation
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Second Aging

Grain texture

Grain size
Homogeneity

uTs
760C: 856 MPa (124 ksi)
RT: 1147 MPa (166 ksi)

Yield Strength

First Aging

Precipitation

Solutionization
(w/ and w/o HIP)

760C: 628 MPa (91 ksi)
RT: 715 MPa (104 ksi)

L12-y’ particle Ductility
760C: 22%
MC carbide RT: 30%
M;;Cg | MsC N y)
* pphase I/ Creep at 760C _
¢ phase / 7 100h, 393 MPa (57 kSQ
1000h, 283 MPa (41 ksi)

As printed microstructure

MC, D024-Ni3Ti, and p

Wire-Arc Additive
manufacturing
(Wire composition)

Porosity
Grain texture and grain size
Residual stress (low)

Oxidation Resistance in
Flowing Air
982°C for 1008h
Metal loss: 5 pm

\1 Hot cracking resistance
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